Peyronie's disease (PD) is an acquired connective tissue disorder of the tunica albuginea with fibrosis and inflammation that lead to palpable plaques formation, penile curvature, and pain during erection. Patients report negative effects on main domains such as physical appearance and self-image, sexual function, and performance. The aim of this study was to evaluate plication of the albuginea outcomes after a long-term follow-up period. Between 1998 and 2006, a total of 204 patients with PD underwent surgical correction with albuginea plication technique. We obtained complete long-term follow-up data in 187 cases. The follow-up data included evaluation of curvature correction, penile shortening, sexual function, complications, and patient satisfaction. After a mean followup of 141 months, the most common postoperative complications were: loss of length (150 patients had a minimal penile shortening ≤1.5 cm, 37 patient between 1.5, and 3 cm, none >3 cm), recurrent or residual penile curvature (15 patients, without impairing sexual intercourse), erectile dysfunction (15 patients had IIEF-5 < 10 at 5 years of follow-up vs. 28 patients at 10 years), change in penile sensation (37 patients experienced paresthesia of the glans 1 year after surgery, 28 at 5 years, and 15 at 10 years); painful or palpable suture knots (in 20 cases) spontaneously healed in 3 months. Overall, 77% of the patients and partners were completely satisfied, 14% partially satisfied, and 9% unsatisfied. Plication procedure is safe and simple to be performed compared with the classical Nesbit's procedure. It has a shorter surgical time, lower costs, and could be successfully performed by less experienced surgeons too. It has a minimal risk of de novo erectile dysfunction, injury to the dorsal neurovascular bundle. Results are good in terms of patient satisfaction according to anatomical outcome and functional correction.
INTRODUCTION
Peyronie's disease (PD) is an acquired disorder due to the formation of fibrous plaques with or without calcifications of the tunica albuginea that causes penile curvature, erectile dysfunction (ED), and painful erection (Sommer et al., 2002; Trost et al., 2007; Chung et al., 2016) .
Peyronie's disease is the most frequent cause of penile curvature. The true prevalence of this disease is still unknown, and literature reports PD incidence from 3 to 9%; the fifth decade is the one with the higher presentation rate (Sommer et al., 2002; Trost et al., 2007) .
The natural history of PD includes two phases: the active and the quiescent one (Hellstrom, 2009; Muller & Mulhall, 2009; Chung et al., 2016) .
Patients with a slight curvature and no evidence of ED are treated conservatively. Medical treatment should be employed during the inflammatory phase, whose main goal is pain relief, although weak evidences of improvement have been reported in literature (Sommer et al., 2002; Trost et al., 2007; Chung et al., 2016) . Medical treatment does not have any significant effect on penile curvature, and surgical intervention is often needed. Of the patients, 10% require surgical treatment as it remains the gold standard for the second phase of PD.
Patients who are unable to have sexual intercourse, fail medical treatment, or request the most rapid and reliable results, after at least 1 year from the diagnosis and at least 6 months of no changes in penile curvature, get the indication of a surgical approach (Hatzimouratidis et al., 2012) .
Surgical approach aims to correct the penile curvature, preserves or restores erectile function, and prevents the loss of penile length and girth. Different surgical techniques have been proposed to correct penile curvature, and they can be classified into three main categories: tunical shortening procedures, tunical lengthening procedures, and penile prosthetic implants. Patient's expectations, erectile function sparing, and physical examination findings are the main aspects to consider during the decision-making process on what surgical procedure fits better in each situation of PD (Hatzimouratidis et al., 2012) .
Tunical shortening procedures are ideal for patients with adequate penile length, curvature less than 60°, and no evidence of hourglass deformity and hinge effect. Meanwhile, tunical lengthening procedures should be performed on PD patients with more than 60°penile curvature, the presence of complex curvatures (more than two axes involved), or hourglass deformity and hinge effect, and on small penis too. Penile prosthetic implantation should be reserved to patients with severe ED (Hatzimouratidis et al., 2012) .
Corporeal plication is a technique in which the curvature is corrected by applying a row of tunica albuginea plication sutures on the opposite side of the plaque site. Since Nesbit's initial report in 1965, several plication techniques have been described and employed. Advantages of plication surgery include the relative feasibility and fastness of the procedure (Pryor & Fitzpatrick, 1979; Essed & Schroeder, 1985; Yachts, 1990; Hatzimouratidis et al., 2012) .
The aim of this study was to present our long-term results of the surgical tunica albuginea plication to treat symptomatic penile curvature in PD.
MATERIALS AND METHODS

Patient population
Surgery was offered only to patients who had difficulties with vaginal penetration due to penile curvature, a stabilized plaques for more than 3 months, a persistent penile curvature for at least 6 months and who had tried medical treatment which was ineffective for at least 4 months.
Medical treatment utilized before surgery included oral colchicine, vitamin E or tamoxifen, or intralesional injection of verapamil. Patients who were taking medical therapy less than 12 months since the symptoms onset were excluded from surgery.
Preoperative determination of severity (in degrees) and direction of curvature were assessed during initial office history and/or documented by patient's auto photography during erection. Additional preoperative office testing was not performed.
Before surgery, the erectile function was assessed with the International Index of Erectile function-5 (IIEF-5) questionnaire. In the patients with mild or moderate erectile dysfunction, the IIEF-5 questionnaire was completed in their na€ ıve status and also after oral phosphodiesterase-5 inhibitors prescription. This was carried out to ensure the correct surgical approach in these patients too. Oral phosphodiesterase-5 inhibitors were both prescribed preand post operatively to confirm adequacy for penetration and to stabilize the penis during intercourse; those with normal rigidity and those who responded well to oral medication were offered penile straightening surgery (IIEF-5 > 10 in all cases pre-medical treatment; IIEF-5 > 17 in all cases post-medical treatment).
The patients with erectile dysfunction unresponsive to medical therapy were offered a penile prosthesis implantation and were excluded from this study. Only for these patients, a Doppler US with cavernosal injection was offered for the diagnostic evaluation of erectile dysfunction, to ascertain vascular parameters associated with erectile dysfunction as per guidelines (level of evidence 2a) (Hatzimouratidis et al., 2012) .
Informed consent was obtained from all patients before the scheduled surgical procedure.
All the data provided were collected from the patients' case records. The results constitute the basis for this study.
Surgical technique
All patients received spinal anesthesia. An artificial erection was induced using intracavernosal infusion of saline with a 19-Gauge needle and clamp at the penis base to evaluate direction and degree of the curvature.
After circumcision, penile skin and fascia were mobilized proximally to deglove the penile shaft as needed. The severity and direction of curvature were then assessed. A series of parallel and consecutive braided non-absorbable polyester sutures (2/0) were placed into the tunica albuginea in a buried, interrupted, vertical mattress fashion to imbricate the curvature. In case of ventral curvature, a pair amount of sutures was placed on both sides laterally to the dorsal vein; no mobilization of the neurovascular bundle was performed. After that, another artificial erection was induced to visualize the result obtained to avoid overcorrection and undercorrection. Buck's fascia was closed to decrease the discomfort of suture knots with single sutures (3.0 Vicryl). Skin was closed with absorbable intradermic sutures (4.0 Vicryl rapid). A sterile dressing and compressive wrap were applied.
Follow-up
Patients were discharged either the same day of the operation or the following morning with the instructions to revisit the hospital for dressing removal after 5-7 days. Follow-up visit happened at 6 weeks and then again every year. Data were collected 5 and 10 years after the surgery by a thirdparty interviewer: Patients were called on phone and they were asked to answer an IIEF-5 questionnaire together with questions about residual deformity, sensibility, and treatment satisfaction.
Satisfaction was evaluated using a non-validated questionnaire composed of five questions (goal of surgery, aesthetical aspect, rigidity, length, and straight of the penis), each one with five points (overall range 5-25). We considered satisfaction reached with more than 18 points, partial satisfaction in between 10 and 18 points, and dissatisfaction with less than 10 points. Patients were also asked to describe the reason for their dissatisfaction.
The outcomes studied were anatomical and functional success, overall and related to baseline curvature. The former was defined as a straight or almost straight penis on erectile and the latter as pain-free erection with straight penis and the ability to indulge in sexual intercourse. We considered as residual a curvature ≥20°after surgery. Short-and long-term complications were collected. Postoperative determination of penile length was assessed during erection and documented by photography, to compare it with the one obtained preoperatively.
Statistical analysis
Data were analyzed using SPSS for Windows version 17.0 and compared using a Student's t-test, and a p value <0.05 was considered for statistical significance.
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RESULTS
Between 1998 and 2006, a total of 204 patients underwent surgical plication of the tunica albuginea to treat a condition of PD. Seventeen patients were lost to follow-up or refused to answer the interview. The remaining 187 patients' data were analyzed in this study.
Patients' mean age at surgery was 56.8 years (48-72 years). Preoperative mean penile length was 14.2 cm. (range 9-21 cm. SD 5.1). Direction of curvature was dorsal in 107 patients (57%), lateral in 43 (23%), ventral in 26 (14%), and complex in 11 (6%). Before the surgical procedure, 19 patients (10%) had a curvature ≥60°, 131 (70%) between 30°and 60°, and 37 (20%) ≤30°. The mean angle of curvature was 60°with a range of 30-90 (Tables 1  and 2 ). The median size of the plaque was 2 cm.
After a median follow-up period of 141 months, a complete correction of the curvature was achieved in 172 patients (92%). Only 15 patients (8%) had a residual curvature, which in any case did not impair sexual intercourse. In Table 3 , success rates stratified according to the type and the degree of the penile curvature are reported.
The most common postoperative complications were loss of length, recurrent or residual penile curvature, ED, and changes in penile sensation.
Wound-related complications were rare. Mild pain with erections was common immediately after surgery but was generally self-limited. Only 18 (10.4%) patients reported a persistent pain during erection after 4-6 weeks, this condition disappeared in each of them with conservative therapy within the following 3 months. Painful or palpable suture knots, reported in 20 cases, spontaneously resolved in 3 months. The most frequent shortterm complication was a subcutaneous penile edema experienced by 21 patients (11%); however, it did not result in any problem during sexual intercourse and came to a spontaneous solution.
We did not experience any major complication such as urethral injury, glans or preputial skin necrosis, or hematomas that needed surgical drainage.
Long-term complications (≥6 months) included painful suture granuloma (5%) and scar hypertrophy (4%) requiring excision.
As far as sensibility is concerned, 37 patients (20%) experienced paresthesia of the glans 1 year after surgery, and this rate decreased to 15% (28 pts) after 5 years and to 8% (15 pts) after 10 years (Table 4) .
Sensory changes were associated with retarded ejaculation and resolved spontaneously with time (mean 10 months) in all patients.
After 5 years, 15 patients (8%) reported a worsening in erectile function (IIEF-5 < 10), whereas after 10 years 28 patients (15%) had ED, as a physiological decline in erectile quality over the years (Table 4) .
Neither glans paresthesia nor ED was significantly different among the three groups of baseline degree of penile curvature.
As an inevitable outcome, minimal penile shortening (≤1.5 cm) was reported in 150 patients (80%), a shortening between 1.5 and 3 cm was reported in the remaining 37 patients (20%), and none reported a length loss >3 cm.
Only four patients (2%) considered penile shortening a real concern. The other patients found this situation to be acceptable as in all cases it did not adversely affected their sexual intercourse (Table 5) .
The preoperative mean penile length loss was not significantly different among the three different groups: 0.6 cm for mild curvature (less than 30°), 0.7 cm for moderate one (30°< x < 60°), and 0.9 cm for severe group (more than 60°). No patients reported a worsening deformity. No overcorrections were observed. During the follow-up, 144 (77%) patients were completely satisfied about the surgery outcome (>18 points at the questionnaire), 26 (14%) patients were partially satisfied (10-18 points), and 17 (9%) unsatisfied (<10 points). The reasons for dissatisfaction included major glans sensitiveness changes and ED. No statistical differences were found comparing the results at 5 and 10 years of follow-up.
DISCUSSION
Peyronie's disease has an important impact on quality of life, and patients report negative effects in four major domains: physical appearance and self-image, sexual function and performance, pain, and social stigmatization (Tal et al., 2010) . Urologists treat men suffering from PD to improve their quality of life and those of their partners.
To reach this aim, a patient must have a stable and a mature disease to be properly counseled and surgically corrected. In our study at least a year from the onset of the disease and 6 months of a stable disease, had to pass before surgery could be performed. Such inclusion criteria, with different time spans, follow the current guidelines (Hatzimouratidis et al., 2012 ) and aim to avoid any possible long-term complication but not surgery related. A curvature may become worse because of another, not diagnosed, plaque or may appear after the corrective surgery is performed. To avoid any other bias on the surgical outcome, we selected patients with no results after 4 months of medical therapy.
Even in some defined cases, Doppler US with cavernosal injection could be of any help; we did not employ this test because, according to the guidelines, it has to be performed only in the case of diagnostic evaluation of erectile dysfunction, to ascertain vascular parameters associated with erectile dysfunction (Hatzimouratidis et al., 2012) (level of evidence 2a). For that kind of patients, we recommended prosthesis implantation.
Penile prosthesis implantation is considered for patients with PD and concurrent ED who are not responding to medical treatment. (Hatzimouratidis et al., 2012) ; on the other hand, the optimal surgical treatment for PD patients with conserved erectile function is still controversial (Langston & Carson, 2011; Iacono et al., 2012) .
Lengthening procedures were believed to avoid penile loss of length by straightening the convex contracted side. Nevertheless, they are more invasive because of plaque incision/excision and their long-term results have been less satisfactory for a significant risk of decrease in erectile function and an higher rate of recurrent curvatures (Savoca et al., 2004; Langston & Carson, 2011) . These procedures are mainly performed on those patients with severe penile curvatures and/or narrowing or hourglass deformities.
In this study, we present our long-term results in a large cohort of patients who underwent surgical tunica albuginea plication to treat symptomatic penile curvature due to PD. After Nesbit's first description, several plication techniques have been presented (Nesbit, 1965; Pryor & Fitzpatrick, 1979; Ebbehoj Metz, 1985; Yachts, 1990) . The advantage of our plication is to avoid any incision or excision of the tunica to achieve the desired result of straightening the deformity by shortening the longer side of the penis. The procedure is simple to be performed, and there is no risk of excising too much tissue from the tunica. During the surgical procedure if, after tying a knot, the curvature appears over or under corrected, it can be cut and applied again.
Among the limitations of the plication procedure, the loss of penile length is one of the most common postoperative complications, whose dependence on direction and degree of curvature has been described in some studies (Akkus et al., 2001; Levine & Estrada, 2003; Greenfiel et al., 2006; Adibi et al., 2012; Makovey et al., 2012; Cantoro et al., 2014; Chung et al., 2014; Shin et al., 2016) . On the other hand, Chung and Moon found, as we did, that the curvature did not correlate with the surgical outcomes (Chung et al., 2014; Shin et al., 2016) .
In our study, as the previous ones, the measured mean of penile length loss was not significantly different among the three groups.
Other postoperative events that should be assessed are the presence of recurrent or residual penile curvature, ED, changes in penile sensation, and the presence of painful or palpable suture knots. Many of these outcomes can be quite distressing for the patient, and they may impact the operative technique selection and the postoperative satisfaction. Men who undergo a plication procedure should be counseled properly about these postoperative findings (Lopes et al., 2013) . That is why a careful preoperative explanation about the aim of the procedure, that is mainly to straighten the penis, should be made. On the same hand, all patients should be informed about the risk of penile shortening, possible hypoesthesia, and the presence of residual curvature to avoid false expectations.
Using non-absorbable stitches reduces the risk of recurrent curvature. This has been already reported by several studies (Poulsen & Kirkeby, 1995; Friedrich et al., 2000) . The absorbable stitches probably cannot withstand the traction during erections in the early postoperative period. On the other hand, when no absorbable material is used, common problems are the formation of granuloma around the sutures and the unpleasant feeling of bumps under the skin. This may be related to the absence of an incisional approach and of an inverted knot-burying technique.
Very rarely, the discomfort of the suture interfered with sexual intercourse, with rates as reported by current literature (Hsieh et al., 2007; Makovey et al., 2012) . Van Der Horst et al. (2004) found that 12% of patients treated with Essed-Schroder tunical approach needed required reoperation for recurrent curvature. Leonardo (2012) reported that all cases that needed surgical revision were performed with the use of absorbable suture.
Many studies reported similar results of plication compared with classical Nesbit's procedure and found plication to be equally effective (Mufti et al., 1990) in treating the curvature and referring to postoperative patient's satisfaction (Geerstsen et al., 1996; Thiounn et al., 1998; Gholami & Lue, 2002; Adeniyi et al., 2002; Fazili et al., 2007) .
In our series, none of the 11 patients with complex curvature had an hourglass/hotching deformity. Similarly to those 11 patients, patients with more than 60°of curvature underwent plication because of their independent choice mainly related to the possible complications of grafting surgery. Plication, in fact, offers a 'no touch' approach to the delicate and distal structures, thus avoiding complications related to the mobilization of the neurovascular bundles and urethra (Akkus et al., 2001; Levine & Estrada, 2003; Adibi et al., 2012; Cantoro et al., 2014) .
In the group that had more than 60°as preoperative curvature, the mean loss of length can be regarded as mild (0.9 cm) and 50 Andrology, 2018, 6, 47-52 mainly related to those 16 patients who had a curvature around 60°. On the other hand, the penile shortening was consistent (1.5-3 cm) in 20% of our patients, and this is the main limitation of the reported technique. In our series, this concerning situation can be explained because of those patients who, having more than 60°of curvature, underwent plication due to their independent choice (not suggested by guidelines), as reported previously.
Loss of sensation, particularly of the glans, occurs variably after plication (Mobley et al., 2012) . In our series, 20% of patients experienced glans paresthesia; this quite high rate decreased to 8% after 10 years. Most studies reported that in this condition objective measurements are difficult to achieve as it is still a subjective feeling. While the exact etiology of this postoperative complication is uncertain, a multifactorial etiology seemed possible: The concomitant circumcision and a partial dorsal dissection of the neurovascular bundle can be seen as permanent lesions. On the other hand, a possible neuropraxia injury of the neurovascular bundle could be the reason for a non-permanent glans paresthesia that needs time to heal, as this study shows.
On the other hand, the preventive circumcision performed in all patients allowed us to avoid the risk of an edema-related phimosis.
As reported in the literature, our patients had a gradual loss of erectile function: at 5 years of follow-up, 15 patients (8%) reported a loss in erectile function (IIEF-5 < 10), whereas at 10 years of follow-up, 28 patients (15%) lamented ED, as a physiological decline in erectile quality over the years. The loss of erectile function remained unchanged or even improved after the first 2 months. The loss of potency therefore should be attributed to vascular causes or diabetes, which occurred during the long follow-up period.
We did not experience major complications reported in the literature such as urethral injury, necrosis of the preputial skin, and hematoma development, which may need surgical drainage. Lastly, despite its described complications, our plication technique was very well tolerated, simple to be performed, and it resulted in a very high satisfaction rate as shown in our not-yet validated questionnaire. Penile plication had an excellent outcome in patients not only with mild-to-moderate curvature but also in the ones with more accentuated and complex curvatures, and no ED, even in a very long-term period (Table 3) . These results can also be found in the literature (Mobley et al., 2012; Chen et al., 2016) , and we are currently plicating men with curvature approaching 90°.
CONCLUSIONS
Our plication technique provides advantages over competing procedures such as grafting. Plication procedures have minimal risk of de novo ED and injury to the dorsal neurovascular bundle, and may be used for a variety of angulation deformities, including multiplanar curvature and severe degrees of curvature. The operation is safe and is simpler to be performed than the classical Nesbit's procedure, as the corpora do not need to be incised or excised. Further advantages could be the shorter duration of the surgery due to the higher simplicity of the procedure, the lower costs, and the possibility that the procedure can be successfully performed by the less-experienced surgeons too. We think that tunical plication is a simple, advantageous, and useful technique to treat patients suffering from PD. Further studies are needed to compare cost-effectiveness of penile plication technique with other surgical techniques. For us, this approach obtained a good success for curvature correction, maintenance of erectile function, and patient-reported treatment satisfaction.
